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STUDIES RELATED TO WILDERNESS

The Wilderness Act (Public Law 88-577, September, 1964) and related 
acts require the U.S. Geological Survey and the U.S. Bureau of Mines to 
survey certain areas on Federal lands to determine their mineral resource 
potential. Results must be made available to the public and be submitted 
to the President and the Congress. This report presents the results of a 
geochemical survey of the Indian Heaven Roadless Area in the Gifford 
Pinchot National Forest, Skamania County, Washington. The Indian Heaven 
Roadless Area (06076) was classified as a further planning area during 
the Second Roadless Area Review and Evaluation (RARE II) by the U.S. Forest 
Service, January 1979.



Introduction

The Indian Heaven Roadless Area is located between Mount St. Helens and 
Mount Adams in Skamania County, Washington. The area is a young, basaltic 
volcanic field (Hammond, 1980) covering approximately 28,000 acres (see fig. 
1). It is heavily wooded and the surrounding area has been clear cut for 
timber. Camping facilities and existing trails are heavily used, especially 
during the summer season. A geochemical reconnaissance of the study area was 
undertaken during the 1981 field season. Samples were collected by P. E. 
Hammond and S. E. Church. Stream-sediment sampling constituted the primary 
medium utilized in the study, although this data base was supplemented by 
data from rock samples representing specific geological units mapped within 
the Indian Heaven Roadless Area, from waters taken from lakes and streams 
draining the area, and from panned concentrates from stream sediments taken 
from the major drainages. Sample localities are shown in plate 1.

Field Methods

Thirty-six stream-sediment samples were collected from active streams 
draining areas as large as 2 mi*2 (8 knr). Sediment samples were collected 
from several localities within the stream, air dried, and were sent to the 
laboratory for sieving and analysis.

Twelve panned concentrate samples from stream sediments were taken from 
the larger drainages within the roadless area. The concentrate was panned in 
the field, air dried, and sent to the laboratory for separations, mineral 
identification, and spectrographic analysis.

Twenty-five water samples were collected from all streams and lakes on 
a single day (July 17, 1981) to eliminate the added variance that would have 
occurred if samples had been collected earlier with the stream sediments over 
a period of several weeks. Two water samples were taken at each site. A 250 
ml sample was taken for the determination of anion concentrations. The sample 
was collected in a 250 ml, polypropylene bottle and the pH determined with a 
Fisher model 107 pH meter within 24 hours of collection in the field. A second 
water sample was taken and filtered through a 0.4 micron filter into a 50 ml, 
polypropylene bottle that had been previously soaked in 1.0 N HNOq for 24 hours 
or longer before use. This sample was acidified with four drops (approximately 
0.1 ml) of concentrated HN03 immediately following collection in the field.

Sample Preparation

The stream-sediment samples were sieved through an 80 mesh stainless 
steel sieve (177 micron) and the minus-80-mesh fraction was ground for 
spectrographic analysis. A minus-30-mesh (590 microns) stainless steel 
screen was used to sieve the panned concentrate from stream-sediment samples 
and the minus-30-mesh fraction was retained for further separation. The most 
magnetic fraction was removed using an electromagnet. This fraction contained 
magnetite and rock fragments having a high magnetite content. This fraction 
was discarded. The low-density fraction (specific gravity <2.8) was separated 
from the heavy-mineral fraction by flotation in bromoform and was discarded.



Figure 1. Location map showing the Indian Heaven Roadless Area,
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A final magnetic separation of the heavy-mineral fraction was made on the 
Frantz isodynamic separator at a setting of 0.6 amperes with a forward slope 
of 250 and a side slope of 15°. Under these conditions, a nonmagnetic, 
heavy-mineral fraction was separated from a more magnetic fraction. The more 
magnetic fraction included many of the rock fragments and most of the mafic 
silicates. Mineralogically, the nonmagnetic fraction contained sulfides, 
nonmagnetic oxides, sulfate and tungstate minerals, tourmaline, apatite, sphene, 
zircon, and minor trace minerals that may be indicative of mineralization. 
Separations for the samples were not good, and a substantial component of rock 
fragments, calcic plagioclase, and mafic minerals remained in the nonmagnetic, 
heavy-mineral fraction. The percentages of these components are given in table 
6 and their effect must be taken into account when interpreting the analytical 
data. Following mineralogical examination of the nonmagnetic, heavy-mineral 
fraction, the samples were ground under acetone in an agate mortar prior to 
spectrographic analysis.

Mineralogical examinations of the nonmagnetic, heavy-mineral fraction of 
the panned concentrate from stream sediments were performed using a binocular 
microscope. Visual examinations of the mineralogy were made and visual 
estimates of the volume percent of the total nonmagnetic, heavy-mineral 
fraction were determined. X-ray diffraction patterns were run for minerals 
not readily recognized by binocular microscopic examination; the mineralogical 
identifications, however, should be considered tentative.

Forty background rock samples were crushed and then pulverized to about 
minus-80-mesh (177 microns) prior to analysis. Three mineralized samples were 
also analyzed.

No further sample preparation work was done on the water samples prior to 
analysis.

Analytical Methods

The analytical limits of detection for spectrographic analysis of stream 
sediments, rocks, and panned concentrates of stream sediments are given in 
table 1. Analytical limits for the determinations made from aqua regia leaches 
of the rock samples using ICP (Inductively Coupled Plasma) methods are summarized 
in table 2. Additional methods, studies and discussions, are given in Church 
(1978; 1979; 1981a) and Church and others (1982), A complete discussion of 
spectral interference corrections is given in Church (1981b), Analytical methods 
and limits of detection for waters are given in table 3 and discussions of the 
use of these data are given by Miller and Ficklin (1976).

Analytical results for the stream sediments are given in table 4, and 
analytical results for panned concentrates from stream sediments are given in 
table 5. Mineralogical data en the nonmagnetic, heavy-mineral fraction of the 
panned concentrates from stream sediments are given in table 6, Analytical 
results from rock and ore samples collected from the Indian Heaven area are 
given in tables 7 and 8. Analyses of both anion and cation concentrations in 
waters as well as the pH values measured in the field are given in table 9.

Analytical results obtained from rocks, ores, stream sediments, and panned 
concentrates from stream sediments are obtained by visual comparison of spectra 
derived from the unknown sample against spectra obtained from standards made 
from pure oxides or carbonates using a D.C, (direct current) arc emission 
spectrographic method (Grimes and Marranzino, 1968), Standard concentrations 
are geometrically spaced over any given order of magnitude of concentration



and are prepared in such a way that the range of concentrations normally found 
in naturally occurring samples are bracketed. When comparisons are made with 
sample films for semiquantitative use, reported values are rounded to 100, 50, 
20, 10, and so forth. Those samples whose concentrations are estimated to fall 
between the above values are arbitrarily given values of 70, 30, 15, 7, and so 
forth. The precision of the method is approximately plus or minus one reporting 
unit at the 83-percent confidence level and plus or minus two reporting units at 
the 96-percent confidence level (Motooka and Grimes, 1976). Values determined 
for the major elements (magnesium, calcium, iron, and titanium) are given in 
weight percent; all others are given in parts per million (micrograms/gram).

Analytical results obtained using ICP methods are obtained by comparison 
with gravimetric standard solutions and are accurate to +_ 1-3% at levels 10 
times the limit of detection if no significant interference is present. For 
further discussion of the calibration, matrix effects and analytical error 
caused by spectral interferences, see Church (1981b). Analytical results 
obtained from the water samples are made by comparison of measured intensities 
against linear curves defined by gravimetric standards. Cation concentrations 
were obtained using flameless atomic absorption methods whereas the anions 
were measured using anion chromatography. For further discussion of analysis 
of water samples, see Miller and Ficklin (1976).

Discussion

The geology of the study area is summarized in figure 2. The area is 
underlain by Holocene basalts and by the Tertiary andesite/basalt and 
volcanoclastic rocks of the Western Cascade Group (Hammond, 1980). All the 
analytical results, sample descriptions, and locations have been entered into 
a computerized rock storage system (RASS) used by the U.S. Geological Survey. 
The data have been processed using computer programs in a statistical package 
(STATPAC, VanTrump and Miesch, 1977) to provide statistical summaries and, in 
the case of the ICP data from rocks, histograms of observed elemental abundances 
(table 17). Log transforms of the data sets were used to prepare the histograms 
and the correlation coefficient tables and the analysis includes only 
unqualified values.

Only the analytical results from the ICP method from rocks are given in 
histograms (table 17). The reason for this is that these data are more accurate 
than the spectrographic results and provide better analytical resolution 
allowing some distinction between groups of lavas. The histograms reveal a 
single mode for the elements magnesium, calcium, aluminum, iron, manganese, 
niobium, zinc, beryllium, strontium, barium, and lanthanum whereas the 
transition metals vanadium and copper, cerium and phosphorous are bimodal. 
Chromium, cobalt, and yttrium have two visible modes but are truncated, and 
titanium has three modes. Correlation coefficient analysis of these data 
(table 18) indicate a strong correlation between elements enriched in the 
basaltic differentiation process (iron, titanium) with the transition metals 
manganese, cobalt, zinc and copper(?), strontium, and niobium reflecting 
pyroxene control on the liquidus. There is also a correlation between 
phosphorous and the rare-earth elements, as well as vanadium suggesting both 
magnetite and apatite control during magmatic crystallization for these 
elements.
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Figure 2. Simplified geologic map of the Indian Heaven Roadless Area
(P. E. Hammond, unpub. mapping, 1982). Map units are informally named.
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Evaluation of the correlation coefficient and elemental distribution data 
from the spectrographic analysis of the basalts (tables 14 and 15), although 
it is less accurate, does augment the ICP data. In addition to the transition 
metals listed above, increases in the concentrations of chromium and scandium 
accompany the iron-titanium enrichment process, and strontium, barium, and 
zirconium, and the rare-earth elements are also enriched during basaltic 
differentiation. Both of these trends may reflect shallow-level basaltic 
differentiation processes. The fact that transition metals that tend to form 
sulfides (copper, zinc, cobalt) as well as those that tend to form oxides 
(niobium, manganese, and chromium) are enriched is taken as evidence that none 
of the magmas represented have undergone any significant fractionation of 
sulfur dominate metal species (copper, cobalt, lead, zinc) to form a sulfur- 
rich hydrothermal fluid.

Evaluation of the correlation coefficient analysis and elemental abundance 
data from the stream-sediment medium (tables 10 and 11) indicates that this 
medium reflects the bedrock geochemistry of the drainage basin itself. No new 
geochemical associations or anomalies could be identified from these data.

Similar results are seen in the analysis of the data from waters (tables 
19 and 20). There is a correlation of copper with chlorine at the 95-percent 
confidence level and a correlation of zinc with pH at the 99-percent confidence 
level. However, all values are low and are not thought to reflect anything 
other than bedrock geochemistry.

Analysis of the data collected from the panned concentrates from stream 
sediments, which includes the mineralogical data (table 6), provides important 
supplementary data to the analysis of geochemical processes given above. As 
was stated earlier, the nonmagnetic, heavy-mineral fraction contained a 
substantial component of mafic silicates (table 6, column 8). Inclusion of 
the mineralogical data in the correlation coefficient analysis (table 13) 
indicates a correlation at the 99-percent confidence level between mafic 
mineral abundance and the elements iron, titanium, chromium, manganese, cobalt, 
and copper, all of which are strongly partitioned into late forming, iron-rich 
clinopyroxenes or iron oxides during basaltic magmatic differentiation.

Analytical data from one drainage basin, a small tributary of Black Creek 
located on the southwest margin of the study area, contain some values in the 
panned concentrate sample that may be considered anomalous (Cu, 200 ppm, and 
Pb, 100 ppm). In evaluating these data, we were able to obtain three samples 
from the Wind River mine, a small sulfide-bearing vein located five miles due 
west of the Indian Heaven Roadless Area in the Western Cascade volcanic rocks. 
These three samples came from unaltered rocks near the deposit and from the 
vein itself. Spectrographic results from the rocks are given in table 7 and 
a nonmagnetic, heavy-mineral separate from the ore zone was prepared, 
Mineralogically, the ore sample contains 90 percent pyrite and chalcopyrite 
in quartz, 9 percent chrysocolla, malachite, and secondary copper ores, and 
perhaps some sphalerite. Spectrographic analysis of this concentrate gave the 
following values worthy of note: Ag, 200 ppm; As, 2000 ppm; Au, 70 ppm; Bi, 
100 ppm; Co, 15 ppm; Cu, >20,000 ppm; Mo, 15 ppm; Pb, 10,000 ppm; Sb, 300 ppm; 
Sn, 30 ppm; and Zn, 1500 ppm. Zinc, lead, barium, and copper halos were found 
in the altered rocks cropping out near the deposit.
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Table 1. Limits of detection for analytical results obtained from stream 
sediments, panned concentrates from stream sediments and ores, and rocks

using D.C. arc emission spectrography 1

Element
Sediment and 
rock sample 
weights (g)

Concentrate and 
ore sample 
weight (g)

Detection limit
(sediments and

rocks)

Detection limit
(concentrates
and ores)

Mg 0.010 0.005 0.022
Ca
Fe
Ti
V
Cr
Mn
Co
Ni
Cu
Zn
Mo
Ag
Au
Sn
Pb
Bi
As
Sb
B
Be
Sr
Ba
Sc
La
Y
Zr V x

.05

.05

.002
10 3
10
10

5
5
5
--

5
 
--
--

10
--
--
 

10
1

100
20

5
20
10

/ 10

0.052
.10
.10
.005

20 3
20
20
10
10
10

500
10

1
20
20
20
20

500
200
20

--
200

50
10
50
20
20

Direct current (D.C.) arc-spectrographic method (Grimes and Marranzino, 1968) 

2 Results for magnesium, calcium, iron, and titanium given in weight percent. 

3 Results for vanadium and all succeeding elements given in parts per million.



Table 2. Limits of detection for analytical results obtained from rocks
using Inductive Coupled Plasma (ICP) methods

Element

Mg
Ca
Fe
Ti
Al
P

V
Cr
Mn
Co
Ni
Cu
Zn

Mo
W
Cd
Ag
Sn
Pb
As
Sb
Bi

Be
Sr
Ba
La
Ce
Y
Nb

Wavelength

279.0
422.7
259.9
334.9
396.1
213.6

311.0
283.5
257.9
345.3
231.6
324.7
202.5

287.1
239.7
226.5
328.0
189.9
220.3
193.7
217.5
306.7

313.0
407.7
455.4
398.8
418.6
371.0
309.4

LQD1 
(vg/mL)

0.600
.080
.42
.09
.150
.280

.011

.10

.023

.150

.050

.010

.010

.031

.130

.020

.015

.130

.150

.170

.250

.7

.0004

.0004

.008

.023

.100

.003

.040

Lower limit of determination2
(pg/g)

15
2

10
2.2

4
7.0

0.28
2.5
0.58
3.5
1.3
.25
.25

.8
3.3
0.5
.38

3.3
10
10
7

20

0.01
.01
.2
.6

2.5
.75

1.0

1 Lowes± quantitative determinable concentration is defined as that concentration 
of the element that will give a net signal equal to approximately 10 times the 
standard deviation of the background. The values given are those determined 
for the voltage biases and calibration used in this study.

2The lower limit of determination is the LQD times the dilution factor. For 
this study, one gram of sample was leached and the final solution diluted to 
25 nt.

10



Table 3. Limits of detection for analytical results obtained from waters using 
fTameless atomic absorption spectrophotometry (FAAS) and ion chromatography (1C)

Element 
or ion

Cu 

Zn 

Mo
so4~
Cl"

Limit of detection 
(pg/mL)

0.001 

.0005 

.001 

.10 

.05

Method

FAAS 1 

FAAS 1 

FAAS 1 

1C2 

1C2

filler and Ficklin (1976). 

2 Smee and Hall (1978).
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